Introduction
Placental lactogen hormones are present in considerable amounts in both maternal and fetal circulations in mid-and late pregnancy in ruminants, rodents, and primates. They play important roles in modlfying the maternal metabolism for the benefit of the fetus and in preparing the mammary gland for postpartum lactation (for review see %lamantes and Ogren, 1988) . Immunocytochemistry and hybridization histochemistry indicate an exclusive location to trophectoderm: syncytiotrophoblast in primates (Billingsley and Wooding, 1990; Morrish et al., 1988) and giant cells in rodents. There have been several publications illustrating the immunolocalization of ovine placental lactogen (oPL) in the mid-and lategestation sheep placentomes. On the light microscopic level, most showed that the antigenicity was restricted to the characteristic mminant trophectodermal binucleate cell and the syncytium to which the trophectoderm is apposed. Martal et al. (1977) and Reddy and Watkins (1978) , in brief reports, initially suggested a localization to binucleate and uninucleate trophectodermal cells. However, after more comprehensive studies Watkins and Reddy (1980) clearly stated that what they referred to as uninucleate cells were in fact To whom correspondence should be addressed. body and granules and in granules in the syncytium derived from binucleate cell migration. No evidence was found to support a ream claim that monoclonal antibodies to oPL that were produced in Canada indicated a predominant localization of ovine placental lactogen to uninucleate trophectodermal cells. (JIlisochem C y " 40:1001-1~, 1-2) maternal syncytium, and Martal and Lacroix (1978) cited only binucleate cells as oPL producers.
This light microscopic localization has been confirmed by all the subsequent electron microscopic immunocytochemistry, with the oPL antigenicity present only in the binucleate cell granules, the binucleate cell Golgi bodies that produce the granules, and the granules in the syncytium derived from binucleate cell migration (Morgan et al., 1987; Lee et al., 1986; Wooding, 1981) .
However, Chan et al. (1990) have recently revived the idea that oPL is localized exclusively in the trophectodermal uninucleate cell. These authors point out that all the previous work they cite used polyclonal antibodies, which have far less specificity than the monoclonal antibody (MAb) produced and utilized in their study. Although they conveniently ignore most of the more recently published work on placental lactogen localization (which gives their two studies undue prominence), the general reservation about the specificity of all polyclonal antibodies needs to be addressed. The present article reports a light and electron microscopic immune localization study using MAb to oPL generated at Babraham, which confirms the accuracy of the previous polyclonal work.
Materials and Methods

Tissue Preparation
Ewes at 97, 120, 133, 140, and 145 days post conception (dpc) were sacrificed with an IV overdose of sodium pentobarbital. The uterus was removed and perfused with fixative initially via the uterine and subsequently via the umbilical arteries, as described previously (Wooding, 1980) . After 15-20 min. 1-2-mm thick slices through several placentomes were taken and divided into slender "matchsticks" which sampled the full depth of a placentome. These were immersed in fixative for a further 15-60 min.
Alternatively, fresh placentomal slices divided into matchsticks were fuced by immersion for 30-60 min. After fixation, tissue matchsticks were stored in buffer at 4'C. Fixatives used were: (a) formaldehyde [3% (para)formaldehyde in 0.1 M cacodylate buffer, pH 7.2, containing 3% sucrose]; (b) glutaraldehyde [as in (a) but with 1% glutaraldehyde added]. Matchsticks were embedded at -2O'C in Lowicryl K4M. Sections (1-2 pm) were cut on an LKB I11 microtome with a glass knife for light microscopy or sections of 0.7 pm on a diamond knife for electron microscopy.
Immunocytochemical Procedures
K4M blocks were sectioned onto coverslip fragments or grids, dried at 60°C for 30 min. and floated for 5 min on Dulbecco's phosphate-buffered saline (DBS) containing 1% bovine serum albumin and 0.05% thimerosal (this solution is also used for all antibody dilutions). They were then transferred to primary rat or mouse monoclonal or rabbit polyclonal antibodies (for dilutions see Table 1 ). Two hours of incubation at room temperature gave an adequate response, but 60-65 hr at 4% gave the optimal labeling for the EM studies. This was followed by a jet-wash in DBS. For light microscopy, after the primary MAb the second antibody used was rabbit anti-rat or anti-mouse IgG at a dilution of 1:1000, for 40 min. Sections were then jet-washed with DBS before incubation for 30 min on goat anti-rabbit IgGcoated gold colloid, 1 nm diameter (GARG1; Amersham International, Poole, UK). Sections were then jet-washed in DBS and glass-distilled water (GDW) and left on GDW for 10 min before incubation for 12-20 min on the gold intensification reagent Uanssen Intense Reagent; Amersham). The label visibility was monitored on a light microscope. The coverslip pieces with the sections were finally jet-washed in GDW, dried, and mounted permanently for photography. The same sequence was used for the polyclonal antibody, but the secondary antibody step was omitted.
Electron microscope grids were floated on primary antibody and then treated as above but using 10-nm gold colloid, and replacing the intensification step by an electron microscopic stain. Sections were stained with either 1% phosphotungstic acid (PTA) in 3.5 N HCI (Wooding, 1980) for 10 min, or with a saturated solution of uranylacetate in 50% alcohol for 10 min. These were then jet-washed with GDW (PTA) or with 50% alcohol and then GDW (uranyl acetate), dried, and examined in the electron mi-croscope. Control sequences omitted primary or secondary antibody, or gold colloid, or silver intensification, or used antibody absorbed with pure oPL.
Antibody Origin
Polydonal Antibodies. Three polyclonal antibodies were used, raised in rabbits against three different preparations of ovine placental lactogen (oPL). The antibodies were supplied by Drs. H.A. Friesen, P.D. Gluckman and G. Thordarson, and I.A. Fotsyth . Because there is no international standard, the relative potencies of different preparations of ovine PL are difficult to assess. All three preparations and the polyclonal antibodies raised against them have been used to develop highly specific radioimmunoassays for ovine PL (see Mellor et al., 1987;  Thordarson et al., 1987; Chan et al., 1978) . In prolactin radioreceptor assays, activity assessed relative to ovine prolactin is 1 mglmg (Chan et al., 1976 ). 1.5-2.0 mg/mg (Chan et al. 1978) . and 1.7 f 0.2 mglmg (Colosi et al., 1989) . The latter preparation was predominantly a single band on SDS-gel electrophoresis (Colosi et al., 1989) .
The preparations supplied by De.. Thordarson, Forsyth and Dr. Gluckman were used for sequencing studies, yielding peptides corresponding with the ovine PL sequence deduced from full-length cDNA clones (Colosi et al., 1989 ). a sequence independently confirmed by Warren et al. (1990) .
The purity of the oPL preparation equivalent to that used for monoclonal production was checked by SDS-gel electrophoresis and Western blotting (Figure 1 ). Both the polyclonal and monoclonal antibodies we used recognized a band at approx 22 KD. Bands at less than 22 KD from the binucleate cell extract recognized by the MAb are probably fragments of oPL produced by the endogenous and exogenous proteases used to isolate the binucleate cells (Wango et al., 1991) . Bands greater than 22 KD may be oPL pro-hormone and/or aggregates of oPL (fragments).
Monoclonal Antibodies
Derivation of Hybrid Cell Lines Secreting Anti-ovine PL MA&. Ten-
week-old male F344 rats were immunized four times with 1OO-pg doses of purified oPL from Drs. Thordarson and Forsyth. For the first (intramuscular) injection on Day 0 the antigen was emulsified in complete Freund's adjuvant. Injections on Days 66 and 90 were subcutaneous, and the antigen was emulsified in incomplete Freund's adjuvant. The rats from which the cell lines MAC 193 and MAC 224 were derived received their final (intravenous) injections of oPL, in PBS on Day 124 and Day 209, respectively.
Three days after their respective final injections, the rats were sacrificed, their spleens removed, and splencqte suspensions were prepared. Standard procedures were used for cell fusion, hybrid maintenance and cloning 
Western Blotting
Proteins were electrophoresed in SDS-polyacrylamide slab gels with the Lemmli (1970) buffer system. using 12% acrylamide. The gels were run in a BioRad Mini Protean I1 apparatus at 150 V. Samples were prepared as follows: (a) purified Forsyth oPLat 0.2 mglml was added to an equal volume of sample buffer and boiled for 4 min; and (b) 12 x IO6 sheep binucleate cells. isolated as detailed in Wango er al. (1991) . were re-suspended in 100 pl of sample buffer and boiled for 4 min. The solubilized oPL and BNC samples were then spun for 2 min on a microcentrifuge, and 10 pl of supernatant was loaded on the gel as well U Sigma (Poole. UK) SDS-7 low molecular weight protein markers (14.000-70.000 KD).
Proteins were transferred to Millipore (Bedford. MA) Immobilon-P membranes by a modification of the method ofTowbin er al. (1979) . as outlined in lmmobilon Tech Protocol TP 006 using a Genie blotter (Idea Scientific Company: Corvallis. OR) for 1.5 hr at 20 V. Bands were localized by incubation with monoclonal and polyclonal oPL antibodies. followcd by peroxidase-labeled secondary antibodies developed with chloronaphthol and hydrogen peroxide.
Characterization of Anti-ovine PL MAb
With competitive ELISA and two-site ELISA methods. it was determined that MAC 193 and MAC 224 arc directed against IWO different epitopes on the ovine PL molecule, epitopes not shared with the related hormones prolactin (ovine, bovine). growth hormone (human, ovine. bovine). and PL (human, bovine). Both MAC 193 and MAC 224 inhibit the binding of "'I-labeled ovine PL to lactogenic receptors (on rabbit mammary micro- ) or oGH (0). somes) and to somatotrophic receptors (on sheep liver microsomes). In relation to binding to antibody. MAC 193 is a more potent inhibitor ( Figure  3 ). This was investigated using minor modifications of the procedure described by Cadman et al. (1982) . 
Quantitation of Label
This was carried out in the electron microscope by superimposing a wire 
Results
The three polyclonals from separate sources used in this study are each the basis for internationally accepted radioimmunoassays that recognize only 0PL. The binding isotherm for the Gluckman antibody is shown in ~i~~~~ 2. The ELISA analysis, receptor studies, and pigeon crop sac assay demonstrated that our MA^ are also reacting with oPL, and the SDS-gel-Western blotting clearly showed that both poly-and monoclonal antibodies were identifying the same molecular species in a single band corresponding to the correct molecular weight for oPL. At the light microscopic level, all the three polyclonal and two rat monoclonal antibodies to oPL, wn. Figure 7 . Adjacent section to that in Figure  6 , using Friesen polyclonal oPL antibody. Figures 8-11) . Only the binucleate cell granules (Figure lo) , the Golgi bodies (Figure 9 ) from which they are derived, and the granules in the syncytium (Figure 8 ) derived from binucleate cell migration and fusion showed significant oPL immunoreactivity. Examination of consecutive sections ( Figure 11A and IlC) showed the same binucleate cell granules labeled with monoclonal ( Figure 11B ) and polyclonal (Figure 1 ID) antibodies. Replacing the primary oPL antiserum with a nonspecific rat or rabbit antiserum, or absorption with pure oPL, abolished all immunoreactivity at both LM and EM levels. Examination and quantitation of the gold label on the sections in the electron microscope was considerably simplified by the use of the phosphotungstic acid stain on the K4M plastic (Wooding, 1980) . This highlighted the binucleate cell-derived granules and Golgi apparatus, the nuclei, and the microvillar junction (Figures 8, IlA, and 11C) . Therefore, the granules were easily found to allow gold particle counting but the remainder of the cytoplasm and other organelles were unstained. This facilitated the assessment of the level of labeling over such areas in the binucleate and uninucleate cells of the chorion (Table 1) . With glutaraldehyde fiuation, the cytoplasmic labeling was never significantly above the background level using heated, whole sheep serum in place of the antibody. With gentler formaldehyde fixation the level of oPL granule immunoreactivity was almost doubled but, again, uninucleate and syncytium cytoplasm showed no significant label. There was, however, definite indication of oPL immunoreactivity in the binucleate cell cytoplasm. The binucleate cell cytoplasm counts decreased with "stronger" fixation (Table 1) and were unrelated to any small vesicular structures. It therefore seems more likely that they represent a post-fixation artifact of diffusion of oPL from the granules rather than a separate (possibly constitutive?) route of secretion.
Discussion
Our results with both polyclonal and monoclonal antibodies were entirely consistent with previous results in showing that oPL immunoreactivity was exclusively localized in the trophectodermal binucleate cell Golgi body and granules and in the granules in the syncytium derived from binucleate cell migration and fusion. This clear localization was consistently found with polyclonal antibodies from three different sources and our own two rat monoclonal antibodies. In addition, an unrelated mouse MAb (SBU-3) which had previously been shown to co-localize with oPL (Lee et al., 1986) was also found to have an identical distribution.
We therefore consider that the results of Chan et al. (1990) , suggesting a localization of oPL immunoreactivity solely to trophectodermal uninucleate cells, are wrong. Their arguments that monoclonal antibodies are more specific than polyclonal and that the purity of oPL antigen used is crucial are undoubtedly valid. How-.* ever, we consider that our MAb were raised from as pure a preparation as theirs, and yet ours gave an unequivocal localization equivalent to all the polyclonals of various origins.
All of the other published evidence indicates a predominantly binucleate cell localization. This includes Martal et al. (1977) and Watkins and Reddy (1980) , who are cited by Chan et al. as supporting a uninucleate cell localization. In fact, Watkins and Reddy, in their 1980 report, accept that the suggestion in their initial brief report (Reddy and Watkins, 1978) of oPL immunoreactivity in uninucleate cells was incorrect. What they referred to in 1978 as uninucleate cells they realized by 1980 was, in fact, syncytium. This is also the explanation for the statement made by Martal et al. (1977) that oPL is present in (binucleate and) uninucleate cells of the trophectoderm. They make the point that these apparent uninucleate cells stain with PAS, which clearly identifies them as part of the binucleate cell population (&shier, 1969; Wimsan, 1951) . Subsequently, Martal and Lacroix (1978) identified only binucleate cells as sources of oPL. It is, in fact, very difficult to distinguish unequivocally between binucleate cells, uninucleate cells, and syncytium at the light microscopic level with only fluorescent or peroxidase labels as a guide. Chan et al. (1990; their Figure binucleate and uninucleate cells. In fact, there is no way they could prove that their "uninucleate cell" was not a section through one nucleus of a binucleate cell. They also claimed that their monoclonal antibody stained all or most of the trophectodermal epithelium uninucleate cells (Chan et al., 1990; their Figure 2C ), yet their polyclonal stained only isolated cells in the trophectoderm remarkably similar in size, frequency, and distribution to binucleate cells. This is a problem of resolution and can only be conclusively settled at the electron microscopic level. Thus far, all EM studies have shown immunoreactive oPL localization to granules in the binucleate cells and to their derivative, the syncytium (Morgan et al., 1987; Lee et al., 1986; Wooding, 1981) . Placental lactogens are also found in granules in human syncytiotrophoblast (Billingsley and Wooding, 1990; Morrish et al., 1988) and in bovine binucleate cells (Wooding and Beckers, 1987; Duello et al., 1986) . Similarly, the growth hormone-prolactin gene family of proteins, of which the placental lactogens are members (Forsyth, 1986) . have only been demonstrated at the EM level in granules. In addition, hybridization histochemistry shows that mRNA for bovine placental lactogen is restricted to the placentoma1 binucleate cells (Milosavljevic et al., 1989) .
Chan and his colleagues (Carnegie et al., 1982) have previously claimed an oPL polyclonal antibody localization to lipid droplets in the trophectodermal uninucleate cells. This would be a unique localization for any protein hormone. This is a considerable problem with any postulated uninucleate cell localization for oPL, since there are no structures reported in these cells (Boshier and Holloway, 1977 ) that would accommodate the high oPL content (Marta1 and Djiane, 1977) of this tissue. In addition, binucleate cell migration, although remarkable, does provide an elegant explanation for the delivery of oPL to the maternal circulation (Wooding, 1982) , which is no longer possible if the oPL is in the uninucleate cells.
All the evidence, both direct and circumstantial, indicates an exclusive localization of oPL to binucleate cell-derived granules, except for the two reports from the Chan group. Our monoclonal antibody localization confirmed previous polyclonal antibody work at both the light and electron microscopic levels, and we do not consider that any credence can be given to the Chan results until a second independent group can substantiate them. We have written to Professor Chan three times over the past 5 years to beg monoclonal antibody to do precisely this, but thus far without reply.
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